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DETERMINATION of parentage i* fundamental to 
the studv of reproductive and behavioral bioiagy- 
Tiie increasing iis'nib.btl ic>- of highly discrimiiitirjt ge- 
netic markers for m;uiv diverse species provides the 
potential to uniqueh churaccerize individuals numer- 
ous loci and to unar-'ibi^ioui-K- resolve parentage where 
genealogical rcldcio.iships are xinkiiouTi. in error or in 
dispute. 

Idendficition of p?vreni-progenv relationships in ^ilcl 
Dcpu!rinoHL- of /iuir^al- a:^d planLs provides insights into 
yhe success of ^t'Diis reproductive strategies (Lll- 
STTL\^D 198-1; SMOrsv;. and MtAGHiiF 1994; A: dlRSOn 
f ; 1999) t i (] !i; s alh>v.'ed for the implerr^:i:a:ie:Ti 
of ^^anagement proguini> :o consent: genetic divcr^uy 
(MiLLtR 1975; R-A. NNAi.A and Mol-stain 1997). The 
a^iocUuion oFpcdiyree with ph\sical appearance or per- 
formance in doniesiicated animals and plants allows 
parents that have conn ihntcd favorable alleles for desir- 
able traits through selecme breeding programs to be 
identified (Bowers and Mereottm 199"; Sl>'c *rf cL 
1995; Vankan and Faodv 1999). These applications of 
associative genetics facilitate further progress in genetic 
improvement rhrou^h breeding. Establishment of par- 
entage is also useful to secure legal rights of guardian- 
ship in humans, to help protect intellectual propercv in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect <ivdis of n>h, and to idenufv 
piovcn-nce of me:u ihai n a-.aihiblc in stipermarktrts 



(Gotz and THALV.r.R :?9S; f'RrMMtR H nl 2000, White 
at ai. 2000i. 

Most studies of pedigree have uu'^ed exclusion analy- 
sis where the molecular murker genotypes of either one 
or a restricted number of potential triplet* of offspring 
and ptuauve parent* are compared. Often the identity 
of die mother Ls not in question: die maternal profile 
is subtracted from that of the offspring :md the deduced 
paternal profile is then compared with candidate father 
grno^-pes (Ei.lstr.aND i95n. H.%»R' ;k and St':HNAn^L 
19S5'. Individuals who could not have contributed the 
paternal senoiype arc cxcludrd. the remainder are pos- 
sible parents. Nonpatermrv in humans is generally de- 
clared o:dv on the b;-_sis of exclusions exlubiLed by at 
least two unlinked and independent loci. This criterion 
of exclusion reduces the likelihood of a false declaration 
of nonpaternity on the basi* of marker results that are 
actually due to muraiion within the phylogeny, Beis ft 
ai (199S) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at mciosis leading ro uniparental in- 
heritance A requirement for at least three independent 
exclusions to declare nonpaternity m huiriaui has also 
been instituted (Gunn et nl. 1997). rn studies of natural 
populations of animals or pUuus where nvimtrous par- 
en t-orogenv triplets are examined it is usual 10 accept 
a single exclusionary event as evidence of nonpaternity 
(Marshall et ai 199S) Paternity tc^tin^ has been ex- 
tended to filiations u-liere DNA from either parent i$ 
una\-ailable. For example, paiernitv c:n> still be estab- 
lished in circumstances where the putative father is de- 
ceased but his parents -ire still alive (Hm.min-hn et at 
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errors occur Reconstructing or validating die p<? 
ofvarieues of cultivated plants often provide additional 
challenges because their phytogenies can reseal appar- 
ent exclusions that m:viquc:cidc ixs non-NIcr.ddian i^- 
hedtance. Foi' ex^mpi^. appureiic esic'-Uiions cari occur 
in rirramstar.ces where j:i individual is used a parcii; 
pnor CO completion of :ht_- inbrtrrrrj-ug process. Thr dt.'- 
veloptnent of parent and progeny chtn cundnut: on 
parallel but separate- tr.ic^s therebv allowing th- poistbil- 
irv ihAt al l.des 'h,u A: r £L-b=er.i. -c-i rK !o.n through m- 
bi^cdin- in the paic;;i; cah still become h\ -d in 
progrnv. It is alio poso.bie to create rnanv oirfspniig :rorTi 
a sin^ mating and v> use the <rim<? parent rept-atedlv 
in "backcro^sing." lhererore, manv mdiviclual mbrcd 
lines, varieties, or hvbr;d.-i can be Kighiv related In con- 
sequence, t lit; re arc numerous (u:id often vciy -similar) 
pedi^re". The effective number of marker loci chat can 
dtscnminaie becween alttrnatc pedigrees is proportion- 
ally reduced as purcits arc increxsinglv related. Conse- 
quendv, inbred lines can be more similar to one or 
more sister or other tnbrcds than those inbreds arc to 
one or both of their parents. 

IU has not been vujual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
ot parentage are in circumstances where there is a prion 
information for at lea^t one of the parents (usually die 
maternal parent). Limi:ed availability of murker ioci and 
the lack of very hi^h-th: ou^iptu genotypmt* osteins 
offering inexpensive datapoiiu costs may have focused 
research on studies that involve relatively few individuals 
and where there is at Itrast smut' a prion indication of 
pure tirade. -Studies that h.ue been conducted witlnuti ft 
hr-yn uU'orni:uii>n or, parer.iavf include .-.pe:'ie> \shere 
i voi oducdv*-' beha\u>[ ilihIo" ideutiht aut>u oi me n^a- 
ii-rnal oarent difhc'ulr or imp« *^ib!e. kvamplt^ include 
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cni..v;e beeao>e tt is the priir.ar; fecu., of p-..b!.- 
ture and it i* the easiest level of ancestry i.o undcrscancl. 
The method is robust :n d«c facr: of muLa'uon. pseudo- 
non-Men dclian inheritance (apparent exclusions) due 
to residual hcrerozygcoir- in pitrr'ntal seed ^o-arcti. miss- 
tn^ data, and lahorator. error, f "it n _ e;hod f .;lc>^ :-ls a 
number of advantages: (i; It can. jc:omnod::t large 
data^eti of possible cincrsto: hundreds or uabred-S or 
hvbrids each profiled b> >100 luarkcr loci), (ii) it does 
no- require prior know : ,«;,.l^c abv-ut either parent ot the 
hvbdd of interest, (uij udoe^ i;o: require uid-pende-TL-: 
of vie markers, and tv 1 u c;u\ >vicr:es.^r"Lui; cl-.^nrnirair 
berween manv highiv related \r.t.\ c-enfLically similar ge- 
notvpes. We demonstrate rhe effectiveness of this ap- 
proach to identify inbred p^retu^ of maiic {2ia may: 
L. ) hv brids using simple ^ecuenre repeat ^Sslv) marker 
orofiles for 54 maize hybrids "Og^Lher w-ich their parental 
ar,d tzrandparental genotypei u^duded among a tcual 
of bS6 inbred lines. The iTiethodolo.gv is applicable to 
the investigatiion of parentage ("or all progeny developed 
from parental matii:g wir.hou: subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

AJ^oriihm: Consider an inrte\ hyhrici whose parentage is 
unknowii or in di,spnce. Cubreci^ in vi»^ .uLLiLiide database are 
possible ancestors of the Hybrid. The <>h Jk -. :a- t> to rind the 
jjrohubtluics of e!o»est ancrsrn. for each iii^r-ct on the basii 
ot iiU'jrmation from SSRs frotn :he uide\ hvbrirl and the 
inhtetlv Tfi^re is no reason :o :n;n cl-e d;i:.ih.i^ hv rrrr.ovnv,: 
inin-ecls thought :o be u:\:e ; .;:teH r.(.i mr index Inbiid hecausr 
l!\eir iat:k Ot "*e! rarionslu p - v. ill be discovered. 

( ,.c^ider a pair of pnsrhle aiwcnu-i^. mbied « ^ud inhrt-d 
; . Iru-ir nuc:u:iu f special .lbom ihiN i>riruol.ir pair as ah 
: ,, : i,-s-.vi:: r:-r:i:rd M-n lodv Thr pr-x.— i , .v. .K '-alftuaun-X 
,| u pr..h:.bilir\' [h.tr uihreds omd / an- m :hc tn id'^ ..nce^tr . 
u-:ir.:iinLr dii.s v*c all jiairs of mlMcds m rhr> d.iUihast . 
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nr !ikrK to be alennrird N uui^ :ln.\ ^dl hm« dK Ilvm- (Ik 
kv>t-; miMnatc'r.c* >d the In" - rnnMdeted 

When i and; aie anc^-to^ rhfM- ,irc I'hii possi bill n ev I ! i 
Tie alleles of both mhrrds , and r-veve p^scd to the h\bvid. 

•J f, •- b v • • ; h.o -i-n.-d ; ndo/d 

c.rr: 'he; - :)••• : rb(td .• ..nd . :• mothc. - r i r.:;-. 
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P-'oSR.* :. /> s < P'' t. ; ' is one o: rhe icnib 
( T- > 'I'iMtf'i'.C the denem .ear.'- r i rhe 



. f ' 



5 sr. ^ L '.> for r.\aur_>]i_. rh d.e fU.nb's; 

c r—n-.ber Ot ••• -nw in the der. ^m: ua :or i; 
.j v • - :~ : - ■'•»! ■ I. . .' and j • br- pjreno or 

shna .u .b r l: h-b^d ^ m.,tc :.n.n ^ --ru > ^ 

in il.<-. d^-ib:^c, ^.t..h ^ b«.;.h p->i: c-r. L, t^-ir '.!- 

enc-i. ch;:n possible p7i;r?. :nvnlv;n; : ; tbrst: an:^ij;^ 

^ : vr:i'.l-. bn^ :h- bi,^b--r oo^en^r probabilicc^ b cb^ bv- 
br : db . W .ir.-- :n :nr L '.[-.^.i .• r . . t :r :'- , 

ia.ji^Mv n.-.'o rbc bi- L .^,- o-.crr.:i jo.Ict'.C; 0>vr,-... .. I - 
ik:\d /hL\p|:-ei» to h^ ribllril '.O Oi-.cr p.irttLuU-.r p^i"c::L of t.h-J 
hvbrid. rhtfti as :t p^n" tneii pvifiMor piub^bb. .\ vb!l t t I*-, 
bec^uss cho' will tioc uosialb. account for m.my of itu ail tits 
tbar ars cOiUribdf^ci bv ch..: otber parent of thr h - b; i^. 

make thr "r.o-pnor-in formation" assuiv.priur. (b:u 
Pdt, v) i-s the sainr for all pair* ( -t. tV TbU inip^cf t\vM rh', 
fac;or is c-iiicelled ;'ro>T-- bt;t;i nuin^t nior anc! ncrcnuim'/r i:i 
the abo'.c c\prci^i'"jn. (ji\inr 

Tlie prob:e:ii is rhen to caicubcc ^ rw-picaJ rVSSRil :. ;1 . .^"^c 
inbr-ds i and; arc borr. -i:iceiIOf5, VVc calcu'ate :he prob;ibdir\- 
of obse:^\r.^ >b^ result r.£ h'.'brid under f.h;s asi'.miodnit '^o 
make no asiiimpuorii abo-i- rci.ir.onship.v a:>v;n;i :l-f .-.Tnr.L-j 
iobieds Otbcfr pcs.jibU: .ir.CwiCors be considered iTiipb c . ::*-• 
in the cakniacion bv ^Ilcswtnij iheir alleles to be introduced 
through breedings \Mtb : and ;. Hou-ever, the n.'ture Ot 
br-r^dii^s :i nor specified. Suppose- iab red alb;lcts arc • 
b). E.iCh descender of inbred : receives one of tht?^ 
iilleics or nor. An :m mediae dcsctr;id:u\; r^L'^vrs one uitli 
prubabiiir' 1 (barring ini.;T.ririoni ; A second g^r. rr.-inoil drr- 
sccnditr.t rcc^i^ci one at -.hem '-vt:h probability 0..;. And so 
on. Since dc;^rce of ancestry (if anv) h unknown, label the 
actual prcjbabilio gf passing an one of :ht-se alleles :c> be P 
Similarly, in at'^ic from inored j ba.5 been parsed do^-n *o the 
hybrid or not. and the probability of the former h P. In die 
following. P be t^ken to equai 0.50, although we ^ilt aS.sc 
consider P 0/jy in some of the calculacions. 

■Aasumin 0 " P ~ 0.50 is con^iiteiit w\ih che clo?i^t ancestors 
in the database bein£ grandparents. However, we arc :iot 
interested in grandparent pn- sr. If the closest ancestor in 
the dawbasc were parents, then as indicated abo^e Pshmild 
cqu^l I (i^nurtn'T mu ratio r.i and labomton errors'). Our pri- 
mary concern [a Mien the parent ait not in rhr debase In 
this case Pis no greater than 0.30. Assuming P - 0 50 ii robust 
over tht- middle ran^e of pus>ible values of P. O.e w-'. :n 
which tc is robust i* if rherc nuiv be mi.iC?rii->iis ind b\Sora:or.' 
errors, in vv'hich ease P would have to be < 1 • Taking P to 
crjnat ''".30 lc\ieS little penaln ,^:un.sr. a p.mieidar piiv ir; w!vrh 
there is an apnaient e'\v lu>ion iVi>m direr? pare: ;vu;r. The"e- 
fore l.'^m;^ p\o hr- mtraiis that if the :i'iie pare.i^ mc in 
Che daub er thru ^hi-. '-ill \m f . be ctU-d on: If [in-f ha;:nrr-ii 
to be nmm!ioiha:nl i.i!>ur.i:i»^ cithin And it rhr . |t.-« ail' 
rors in rhe fl.U.d),^* 1 art' more rcmnU- lhau ,n in* '.part : US. ih^^ 
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vb-r:- 



b : ^ ; — ' ' 
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Ho-.'.{f'.tfr. the liners ir. rhr* d:nabaie c.\m no,-, be r:<r.domU se- 
leC'rc: from anv pop 1.1 r;on. F.ir eNanip'e, a lire :h;iC be^n 
hrjhl' asrd in" breeding wotiic, baAe mu;:;- derivative li.-iei in 
the database in uhirh c.ise Lhe rretiLitnC' of r_s al!e*.CS ^il. 
be artifici.illv infi^Le J. Asiuinn^ '.x;oal pc-L>bab'.,.tirs fui the 
var-ous Alleles n ^iren '.oeus is robust 'r. :h^ >ei:se that :5 
not aii'ceteH. by adding and dropping iine.-, from :.hc databa.se. 

Tbere ire m?,n\ c^se^ to cor.sider ^K-:-. comp^rin^ t;ie 
p-.:d:i.0tt. 0. ofobseroi!^ a hybr.d'i alleys, depending Oil r h c 
zv^cs-rv ot" the hvbnd ar.d the inbrtds. ar.d a Losing f e r *.he 
po-^ibdir/ of miiiiiig alleles or "e;<;ra alleie^" in :re aii-r»5rr".: 
of the hvbnd and inbred ger.etypeb. The>e po ..>;l;i!.r;rs ai . 
roo rt;.mc!"o^s hit, Ii;at^ad we give rhree ibnpk ixam; l->- 
Ai' roe examples ha-r honor.voui inbrcds. rhe most common 
cv.uk . Ar.d each of the three bvb«.ds h^s >g all'des. a-:, 
most common cr-se. We SLipu'?^e *.hi\r. :he rr.er.sured alle 
three o5?Li and a particular ;r,o o r h;.i>rid and r.nccitur n 
ore* a^ '.^.e base indicated l"abb_- I. 

f or 55R 1 there arc three known aliexo. Oi *e n: .U-Oi ;r_»o. 
;o all-dks .-2 -.rd h ;hat arr I toed for rhe three Vir.r- dobrd 
inbi-d 1, and inbred /1 in Ta:jie i. bor bSR J ar.d S3iv -1 
there arc two 1 ^no->vn al!c:e5 in addition :o ihoir Hi ted- The 
calrulaticns m the ritrht half o: Table I will nou be explained. 
Tmpltcit in calculating PjSSR././) is :hc assumption— reqi lired 
in both die nomerator and denominator of Bales' male — that 
inbrcds i ar.d i arc ance5tors o f rhe hybrid. Consider SSR I. 
In case I above, both ancestors* alleles (as measured bv the 
laboratory process) arc assumed :o pass to rhe inde* hvbtld. 
and so in this cuse the hv'brid is nrcessarilv a b. The probabtdvv 
of ob>«rvimj the .icrnal hybrid"* genocype is 1 For cn*e I. as 
shown in Tctblc I. In case 2, ^e assnme that inbred :'a allele 
pa^es to the hybrid bul inbred /s does not. Indeed, die hvb-od 
has an a allele. The probability of obser^iiV^ a //as the other 
allele is 1. (inmiber of alleles = Ida. as jhc-v,; in Table I. 
Ca?r is ^iniibr. In rase L neither ancestor «\l!e:e is passed 
to rhf hvtitid. rhe probabdi;v ot ' wbseiMi'^ the h\bi td'^ .^rvio- 
fype *.eir anv heleiozygows ^enor\pei is U( I 3'h I 3» - - 0. 
binre P= 0. 3v> rhe overall ( uiieonditionah piobah.bt'- m rhe 
ii^iinno^r itdamn »|IT. < is rhr- simple .'oria^r id :hr: h.nv 
r,;se>. as : nrtii aretl in Table I 

btv t x>K ■* a:\-J bbK > die r;il( niatioiii ate ^inu'.u*. £•(>! s.Sn 
dcMKfj .i-_'''i'St pair r > hr-ifi'.; :u:: cniun. 
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Received from < 515 334 6883 > at 3/27/03 2:33:00 PM [Eastern Standard Time] 



0^27/03 THU 14:47 FAX 515 334 6883 PIONEER HI-BRED DSM 



si*. 



I > \ IVl ! *■/ III 

T.VBLE 1 



Prohahilic of ob 



s ^. n . , hvbrld -. jUoiL ., o.sin^ three .uniplc SSR> and four possible combinations (ea.se* > 

.F allies p.wed. assuming th -U inhreds « *.id j ar, ancestor; of the h>br.d 



P-.-.b: 



".i ]>■:■» H\ bi .d Ir. bred 



Inbi--'! 



1. ^ 



2 I :- 



fnvnrin- pair ; :. ; > U wouid 
sinilar to T.a' f-jr S>i?L 3 'O 
p-- .vided ch:u other pairs ai*. 
To rnd •' " -^ 7 v 

SR ,) i'"*. • fUir ^r.o<." 



— nal'.v 
r wmilar 
f\ n- 



rule: Om' rhii 



0 and I. ^0:1 lb 
[htf^e numbers w-i! 
wi;h corr pn^tton 



Each ^'.SSR f.j) is;, iiiimbr: ..k "> cr n 
c arr ,i g:>:a: maviy S5R_,. the pcoc.^: ot 

jrr vnnishmyly imc.il. To l«s.-;eii p''Ohl:'mi 
midcrfow, for each SSR rm.k.pK - 
bv the same eoi'.s^nt for each pair (.<. d the 



inverse Qf -he largest possible such probaSmrv. F'jr sample. 
3 ^ r<c - 17-36 ii :hc'"lnr:;esr probability for a he v.: rory^oLia hybrid 
at an S5R. hr,\m^ three alleles (as 15 the case for SS^S in 
Table M. we mLvlripiv all fac-.ors P\ i SSKi\-i. w) bv jr.., .7. To 
eliminate remaining problem -.vie:: und="V:^. do e:J* -la- 
don* usin^ Ij^anchrns Adding ins -.cad of mu^ph mp ; and 
take antilo^'i .it the end. 

The probability P;SSR!w. i.s eiiculated Cor [a. u< pairs 
and.uimmod over all possible pairing' in the database, ind-ad- 
irT*- that fcr the ir.brea pair under eoriside-rmon: i i. /V Tb:< 
gives the denominator in the -vpression r or Pti. j-SS^) 

To determine the prohabilirv ;h u :«nv pr-rdcular .nbr-n. -;a\ 
inbred is the cio-ie:>t ancestor of the index rubric. <mn 
/'[SSR!/. ^'i over All ;nbrcdi i-wnth .'^ =■' 1. C-1I1 this r't^ SSrUi 
The minimum of , D f^S5E^) for :nv inbr : d : is I. Bu -'-.ct- 
Lhcrt: one clo^c uncesror an -^^h sidr of the FnnuK rhc 
SVtm of S5R^j o^r. ill :r;brcd.s : tb '2. If '.here i.i.i p:ir:;«;i.«lnr 
pair (:'. /") :or -hirh P(i. /IS5R.V) isclo.se :o 1 then borh ?< * SS^-> 
and ^ijIS.jBU) scp<iarc!y ^d! be *:to5C to I. 

SSR data; ON A- '-vi\> es traced from 5-i ni-'?7e hybrids .uid 
from 586 rnaiit: inbreds. All of rhc hybrids and most hibrcds 
are propiie^n prodLicts of Pioneer Hi-Brcd tiucrnoriotuil: 
some important publicly bred inbred lines vs-orc rd-^o included. 
The inbred purenu jjrnndparcnr.s of c-ath hvbrid were 
included mthin the set of inbreds. Other inbreds tb.it wrrc 
genocxped include many thnt are hi^hlv related bv pedigree 
to Daren U and grandparents of the hybrids. The hybrids were 
chosen because e^ch has a pedi^ee that is known to us unci 
collecdvelv the represent J broad arrriv of divers in.' «f itiaizr 
jermplaiiii chat is cun cntK ;^rown in the Lfmwd States nuking 
from eai !v to late matin itv. 

A total of 105 SSR loci were itscrl in *bis studv follow inv 
procrdiiftf^ dr^ nhrd in 5mit>i ,t 1 1007 1. but r-nod h^'l .v- 
described below. !oe: ue:e tho>e:t on (he bitiis lh ; ir dio 
ir.di\idu;illv havr Ih-:-h ^houn r.o h.ive a h:^h piu^erot'divLfimi- 
n.itiO:) anuiitf nt.ii.": ci^'t'd ..m! (.ol'.rt rv.^K !hf. pn^idr 

fi.:ru>aiiij)li:i^"t dtwi*nv «di chionn .rsoinr .irni. 'It ibe^- 
S^R Iwt i. *:\[ fVi!!' :i,;i'ibt.i> l.;:* p'.n i'nth.'^t.'M ^t" 1 •■ " • Ht ' l ' t 

u„ iiuh'.idtuM 'ii.ii/i- i liT'ifiu^onii^ .is follous: I t.;'?'. - 1 1 - 
,\ f_'L^ ! ._'>> I l' v » h ,L b. ~ iO!. s ! 1^'. '> 1 1-) vind i" 



^..ir: tor p^ f: v;-. m:: 



Pi. 



::ie-.! 1; 



a:iC .I'r-.uhh .1 >i • '• ■-■-..■)'. a 

rc^.^tiorv Cffiioniit 0S.\ ii;-,' v> % ^ a-nj 
M:C1 ; . 5!.> nir.t KCl. 10 WM Tns-'M (pM S.'ij as in if 0.?. 
AnipliTacj CoM ON A polymerase ^Pii Corpor.ilion'i oli^onu 
c:o.,tiJe p:-;rr.c-r pairs { OiV.' primer of =:h;:ei p 
centb labe:ed^ a; 0-17 [iM and 0 "J rt^Nt dNTPi. Tht5 
i:ii;t.!bri:rd at 93" fo i - I') rriii: 'hot stare', arnpli '• 
45 cvr.les of dcnn:ur^:ior; at 95' for 50 wc, an 
for SO sec extension at 7'^ >J ror S.? sec; and chi 
at 72" for '0 mi:i. A water oath chcrmocvcler ma 



. r- t : t 



,!in; : a; *>-:V 
L-v:iT.r.a:ed 
d'arairrr! 



at Pioneer Pli-Bred tnternar:onaI -us used tor PGR ;-ear:i'juS 
PCR prcducts were prepared foi electrophoresis ^ v diluniv^ 
3 p.1 of e^cb nrcdLiot no .1 :oral of 27 p. I usm=; a zombi n: ::on 
of PCR prod'. ICS -zeneraCcd IV O n Othc' loci for .^-^ i-ame 
m.iiie jenof.pe (rfnalripievcin^': ar.d. r:r dK^' D : . 'a '. O o ^* 1-^ 
p.1 of this mixture to 5 a.1 ^-uh ^el ;oading dve p^-"ormcd. 
ic was then er!e'.::rophore?ed n 1700 V for L.5 hr or: in >i>i 
mode'. 377 automn.ted DNA sequencer equipped wich CrF^NE- 
SCAN iofr^a-e v. !i.u > P£-Applied ^iov-'steaii. Foster C'.cy. f — J ^ 1 - 
PCR produce wrrr sized au:omarfcal!y usin^ "h^ "to^L 
Soi;the:*:i" si^in,^; al^orirhm ; : . O f-'. R and ^OL'Tf-ttiR^ lO^. 1 . 
.\£ict iitins" °? oroduer^ VL-*.ir.j Cer.e5«:r.n. alle 

asjii^TiC 



were 

cd u<i:V^ Oenor-per .suft^aie fPEApplied 3io^ ste ilh ■ - 
Cer.erallv. allele aii;g:ia:ion$ fn- each lecas were made 0:1 
the basii oF hisicgmtn plou cotiiiscing of 0.5-bp bin<;. Breaks 
between the h^co^ram'plor.s i>F>l bp were generally consid- 
ered to constitute separation be^vecn allele bins, however, 
other criteria, such as the presence of che noncemp.acc- 
directed addition of adenine ( -*-.\ addition) and nacuralU- 
occurring l-bp alleles, were u.^ed r>n a marker-by-markcr basis 
to define the allele dictionaiv. All allele scenes were made 
without knowing 'he idenriries of the maize genOtvpe*- 



Rli SUITS 



ie 2 presents the probalnlitv of closest. AneestO' of 
a five ranking inhied line* for each of 5 bvbnds 



TabU 
the top . . 

at P ~ 0.50 ('IV.hle ±M atul P= 0.V L ) i Tabic 2B\ Proh..- 
biliLie^ of unccstn. m e Niunvr. for all bybi'ids a:wl the 
n»p ra:iktt\c ItiIitviK in Figure 1" P - O.i'i) :. r i'-C'-'.rc L.t 
and / J - 0.09 iFi.^uiT 11m. Kl-uI^ for the l^bnds pi<r- 
NCMicd in Tabh- "J .n f ti Lii;tctl at die top > >t Fi.^sn'C I- 
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Probability of anccstn of fi*« hvbridfl u>..^ da» ohuifltd from 50. 100, and 195 SSR loci 
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When ihtf algorithm used P = O.jO. the two correct; 
parent ^ne identified .is highest in ptob.ihilitv for 48 
CS^v-i hvhiifU iFi^uit' H. Furach of »> Uvbri<U (T>S9^. 

"SIO-. 'M' ,n ? r. :uicl \0«M:"iAl. r>TH- pilffliE 

ranked in :.he top t^w places. The ot!u t p.i-riu wa>. 
si:pplaiuc:i r-t;:u-: b\ .i sister inbred <>r hv an mhred ;hac 



wns a direct pr:>^cnv of thai parent. Overall H>_ ^ V> ^r. » 
of 10S parental inhred* w*re correaK' idciuincd. rot 
hvhvid* where both parent ranked first or second, die 
ran ere of probabili:if> Cm p. ire ru a I line?? that r-.iiiki/d tUM 
from amuii^ all other in h reds vanned hum I.iMhiw 
D.W^T: parental iiiu-^ ranking second nmijed !r«»m 
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1 OuOi» ' o ').':' ^> ."*> f * - P"(' rk"> :u hi i(N built pai <a h.;f I p: * »b- 
^•didi^ t>! .i:n.->U\ in c\i'i:v> of 0.000. Piub.ibttiUO «»: 

n hi : j. 1 1 ui- r. 1i.it n"; fun "i 

_:■<_ lii.it; :).JV'."' tu 0.7".~;4. F> .■ ;'. t.i '[■. jt i U 



til.; 1 



I : i (_■ 



.11' 



i 1 C t L 



a:u:<_-sn 

V'..c_;: c:,c iOv/i[:i;:i u^ed P = 0 09 Lm srxamine each 
, M :v L - :• 5 th 3. .i -r.is were '"v. :d.T.-:!:-_d 



1 1 ; 



I I; 



i - 1 I- . I 



1 1 4 



- ,-] >j"i ( 1 v:-Ai, ir. which nnr parrr.:. wjj> :iot : :« : : d ;;1 
p... - ,- r, v.'rrr also ti rhr- -a.'.^c: r^:i.-:.ci i n * : J 

i i: ^n</ P = 9.50 t.abo'.ei Ir: both caj-, ■ rhei: 
bo:h r .u third rank' a or! tru_- actual 
.ri ted b% 3.1*1 ir.br 



ran 



paren: w-.l-s ^uppi.uiLc; - u r -ai. n.rjrcd that was a ih'-o 
pro^-v. nF chL- corresponding parent:;! line For 40 h;.- 
br;dx both parent had pr _-.r-.iVir..--, of am;--:; , \r. ^ 
cev. of 0090. Aj-oi.g the 5 hybrids having a parm: 
rTi'iUin^- second v.irh r. probability of .nu.ritry below 
0.390. the lowest of these probabilities wis O.^OTfj and 
the higher probability tor a :hird ranking nonpare n: 
wv*s 0.1003. For mos: hybrids the probability for thr: 
third and highest ranked nonparenta. inbred was .it or 
below £->G. 

Table- '2 alio addresses data analysis in circi.-rr.stances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored For ibe presenter of more than two 
allies per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-main;ained inbred development and seed 
increase programs but is possible because ~3-5 r b of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of che hybrid 
can occur. For hybrids, more than two alleles per locus 
can be -cored when DNA is extracted from ;t bulk of 
individual plant* and because inbred parents arr not 
hoino_:\gous due either co residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated bv multiple runs of the algo- 
rithm, each with a random choice of two alleles; per 
locus. Consequently, standard errors in the case of ana- 
lvzing data from 105 loci tend to be vera- smalt because 
there were few Joci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored for more 
Chan two alleles 

MarvHai.!.^^/. [ I L >JS? have drawn attention to errors 
that can be encountered in geriutyping surveyv These 
errors m<:Iude missing d-M. intil alleles, and typing ef- 
nus. \\<: thrivroir inye-ri-_r.il rci roHnsntr^s of i.iu- 
ali;oi;'.hin bv e\amii»iiv_; die effects of modiru.atiou* in 
the data hvc hvhcul> 'a4I7. y~>r>t'\ :V;H)5. .liuI 



;V> I'D Fiim. we refill id the number < >l'SbR.> i^ed, from 
t i K - lt.ll -.c: of 105 :o l ; » i .u ; d thLii tL» 50 (Table '2: I. nl- 

: . . t: L ,h m! • • I I : I .i'J and t-.T - ' 

is of t)i:'.- h'-brir: [ :'0i!5i A; i « »f d'.esc mos:. lv._,f: !\ 

,■1 -^S. .. ,. - 1>r K ;-.-!..-- --! 5l 



l ; " 



criu in'"; _-rl I: :i 
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;\ O r ri rh r [ r:\r n,t : 
;;;■(";--; O. !'l \ > 

t:-. t h-br:d" I 
rar". km^-i Tor 



cy r :r.\ n}\ r:[. F-i.:: v.e: e di : eci ;_ico^ - 'av 
■■r.e ^"ith additional backco^^t.^ 



l r.rt - 
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;.r -p jn ^;>rni place Foi.:r 



ren r. 

hvbr'.-c 
jure:":;; an; 



: riot par- 
■;hlv :hau 



v.- re -il'j'^'.y relarrr: \; < -J\e lespei-tr-e f . : ■ - - j- 
v.-^re j t ^ ; : p-^r:.;. of r.hc IT'-.'- parent <. 
t'one with wLdd , -.".ior-..il l;acl:.crroMn,_; '0 rna: 
(>n . : _- v . ..n ^ fj.l: oi -t-: : t :iw tr',:r 0"L:r>:::. Uv: 
al. i:"'5 ioci cor:tc:er; J.c pL:Cri>i..aL to 
pan. nts of 'nyljrid 30 0 3 *1 "v.*) inbr-.rd- £:i.;l 
c:W.^ of livbrid re iv.ai:v:d rv.nkcd rriO'" 
one of the true purer its. Brirh were direct progeny of 
that pare;U. and one of (he^e ii\hreda had additional 
baeV. crossing :o that pare;':; in its pedigree. 

To address :he coni-eqi. encss of laboraior- and other 
sources of error, we aitifteiaik co:npromi3ed da-a qual- 
ic\ bryend ;he level originally provided by clirr-anadng 
specific prOporuons of a'drries chat had been ^corczi i,e^- 
tabiishin^ -scenarios whe;e yanous numbers of SSR al- 
leles were not scored; ar.d bv misscorin^ other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incor vec:!y : . We also combined the 
scenarios of missing data ^nd wronglv scored data Table 
3 contains a sui:imar\ of tr.e results of making the^e 
modificauons hi the data For all modificadon^ we used 
data from all SSR ioc: and we aUo randomly chose SSR 
loci to create subsets of 50 and ICO loci. In each case, 
the pro^mm was run 00 dines for each hybrid, se: of 
loci- When all 195 loo were examined, replications dif- 
fered only according to the particular choice of alleles 
for loc: where more than two alleles had been scored- 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated indmdual and combined 
categories of these daca m the hybrid and all inbred 
lines at levels of 2. 5. 10, and 25^, of the alleles for each 
of five hvbrids and all Inhreds bevond the level of error 
as orismallv scored bv r.hc !aborator%-. We examined the 
effects of these levels and rvpes of error for three sizes 
of database- 50 loci. 100 lori. and all 195 scored loci. 
The siiue- five hybrids ujii.sidn rd m Tabic l j were investi- 
gated: :UIT. 3325. 353tk :^0;.. and LVJ40. One of these 
iivhrids (5O03) w-as chi..>cn brcau^c one of its parc:u> 
dirt tun rank atnou^ rhr- top two pl:ux-s e^vn wht-n ti.tr 
o.mplere and uiuthm tditd daia ffct" all SSR loci weiff 

U>cd. 

fc'A.iii'.pU^ of n.huvi:^^ in die Lire < >f addi ti< > ital er ror 
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U. A. In > i\ 



|, ,i ! ,m- in St \rU living suhx -t* ol' ~>n .uul I HO lc. i and al! 
Uai j!'. i t i Table a ^lu.tr iminl)f:f> wt p-ncni..^ 

rinik^i^ mil'.) the top f.wo p'acc- ace p-^enu'd. Dt-^rada- 

Ll<1 f ,.; t;u- p: : 0_ : O* i 0 . ■ : . . : : k ; 1 :;t p . 1 : U .:b C vd > :.lf a 
i, .t | ufO'V adOitr noi rr; » — i ■ i dafa -Aa> f: o oi-.- 

d ; 33.5 ; w:rh usa^e of 5". I'.-) or .01 SSR loci. 



dim .i/.vsj^n 



The pi<.\nlt.oU use ufpate'oiho in(!it'p> < Ir.itn nht: ates 
rh.ir it i- ,H ; \,im.:^-rnb have explicit pr ■hab'.l : he** r»I 
aucy-u~ Lt • 'i!v:!r:';!::sh, among fhjoj* it LR-dr_>r er-- \(< - 
lein' i n:.Liku: oo >lh _ -. ai c rapid/, boy <mu'.^ m."i ' r -v- 
.i|-f! n-r t;"r:;tr, e CO :>: ;'. e c'Ci :r . Fr.v.ti 10;S 00 at ' • •' !d 



bird- at :.i level ■ "j t d.> O- add:Ui wial On ^CrOod daU- v.. is 

slinv.-r. for hybrid 31156. Y\ hm both additional levels of 
rrM-'-iuv/ :.md mtsscored dorr, d-u dated, degradation 
}• : iUc abo.o.y to pr-iWcomalS rank inbred pareno; ■ :■ - 
r: . i: ---.-r: !' • ltT. h'.bnd> ard :"<-- ail s«-o; of ^" R ib:i ? 0 ■ 
and i/Jo 'o'~b e\rep: for hybrid :">••! 1 ~ whc:i d .it a 



- r 



Over al: Jive hvhr: 



i 



i > ?' ;:t 

r t f I-..: h.-rr^-: \ r.-prco cd :'d) i ■ ,\i ; :;o tVrdo or h vbn :.l 
( r '4L~. 35 'Jo. 3°da. and dd - : ' ^ The decree of improv-- 
men was small, except for hyond odo.?. 

\\\; ;t!.i,o ranked rmredi according to their probability 
o: aik'^'-p. oi iivbrub ^htm both parent.-, ood ah" 
ck-: tvatives and full-si sin- inbr^U of the respective in- 
bred parents for ench hybrid were excluded from the 
analysis. The rcsulli are coo voluminous :o preicn; here 
bin c^n be sLimmuri/.ec! as follows; L'sing P - 0.50. a 
gr-and parent oFeach respective hybrid ranked inzo first 
ph,ce for 41 (Ttiru) hybrids, p: obahi'iries ranged From 
0.-19 "S ro 10 and i\\q*l were above 0.999'J O^hcr cliiise^ 
of inbierls rhat racked ia bvsi position for probability 
of anceitr. were inbred^ derive':! directly by pedigree 
from a grandparent of the respective hybrid (DGP) for 
13^ of hybrids, inbreds derived directb by pedigree 
from a g:eaL-;^randparer:v. of the respective hybrid 
CQCCP) for- 9 c c of hybnda. ar.d one class ("2'^ of hy- 
brids' wich an inbred ranked into first place that wa> 
directly related by pedigree to the gre a t-t^re a i-grand par- 
ent of that hvbricl. Inbred*; that -nnked in second posi- 
tion wertr related to the respective parent of the hybrid 
a_> fol'invs: Th:rcy-or,e of hybridal were a grandpar- 

ent of the respective hybrid. 11 (?0 ; ;"c> wrre dxs_scd 06 
DGP. 7 (13%; were DGGF*. 1 { L 2'~c) was clcess DCCCP, 
and 4 i^^c) were a grear-grandparent (CGP) of the 
respective hybrid. Over all hybrids, Uvo of the Four 
grandparents ranked into first and second positions tor 
25 {4y~a of hybrids); three grandparents ranked into 
the firs; three positions For 5 of hybrids). There 

were no instances where all four grandparents ranked 
into the first font* positions. Th h tv hvhiirU had a i^raod- 
parent ranked into first po^bon nsin* P = The 
number of grandparents ranked into die u>p fiv e po<i* 
tioiis Wvis (compared to 10S uh.eu P - 0.;»0). The 
nunibc-r ot grandparent itiitkin^ into tlu- top two posi* 
tn»n> u-.ls 5:> (coif.pared to 71 when P " O.ji)). T!:e 
nu.*ait prohahiiity of a grandparent that lankcrtl into :hc 
tr:<\ p.^irionv utw r > 0^^^ - f) ! t' P ulicn / J =» 

i) .">ij ,md o.uwso (SO - O.oio-h when /' - , '. t .V>. 



;o pi"'jv.c;:_ c\pi;ci r . p:-obabd; of aii'.e-i;:> .:.;:I .;de 0^ 
abihf- to calculate prohahil ditr> cjf :.;ncestr. -a he re there 
i^ mi /.* pre? i :i for:natiou :x< '.0 '.be ider::ir- of ivte u^i.vii'y 
the rnav:rnab r-arertand robuitnesi in the f --:>' of lab' - )' 



M.i 



■ iribn: 



a i d nvhr d d r o v i r i 

al-i.ii :.- dh.. ■ • 



a '-rr- e\ac ■. 

nh h 



.1 ' 



vlo 



cm 

great or* n sj r, ;ir 



c 0-loo: dr-OL. M .:.dr,- :. or" ir.ai^c 
v. . f:ird.;;:ve o or'-; e oi:: oo-:. .< 
c .".imp; ex: r." of ped:^^cc ro ; a0' vohipo 

l.l!" oi' i : -v i.;. r o. .0 .... : f :i ■ • COf • •• ; - • 

cntajje inch a.lii'.y; h o::: pare: 1 . i> that are then^seh l> hiLchly 
related Cor:seque:icl>. relationship categories such as 
''ii^isr" or "parent" whrn applird r.o rnaiit mbrccb i.ls 1 1- 
ally rcrlV:' to closer degrees of pedigree relationship and, 
rhtii, of gerrr.plajm and molecular marker profile iimi- 
tanty than those of the equivalent! 1 * named classes of 
relationship for animal species. Most marie hvbrids dial 
are wideh' used in the Un:ted States today arc cun- 
itr* icted froit; pair!? of inbred Lines that are unrelated 
by pedigree, each inbred parent heaving been bred from 
a scparaE- "'no;"!" or .^'mpl-^m. V.i-iov.s degrees ot relat- 
crjr.t^ a?'r p* is^ible btftwepri h\ hricU acron hag to the 
pedigree relahonslup-. anion 2' their consutuent mo red 
purent_s. 

Using P = 0.99 in the algoridim is mere specific for 
identifying parents than using P = 0.50. Hovcever, P — 
0,09 is le^s rubi'-sL For identifying other relatives, such 

era :i d pare uls. IV "hen die algorithm was ram at P ~ 
0.50 there were b hvbrids for which one parent did no* 
rank among the top two mo^t probable genotypes. For 
the remaining kS hybrids the correct parents were iden- 
tified even in ciT'Curn$r.ances where other candidate in- 
brcds included not only full-sister lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent oF the hybrid, for each oF 
the 6 hybrids where a nonpatent ranked abovtt a true 
parent, that hit/her ranked inbred was alnavs either a 
sister or progenv of tile outranked true parent. The 
ratine of pudt^ree relationships a^ expressed by the 
Matccof MVetfiueut oFtelateduess [M.m.kdh thai 
wa-s encompa>*>ed I v.- pairs of true pa:r:u> and more 
hi^hiv ranked. mbre<l relatives of the true parenrs wa> 
fro mi ilS>ii) ■, l Mo t iSi). A r^eiyuhfiu O.S'V'd .ippirxi- 



mate^ ^ tt-Ltti* >i^bip between 



d A and A' wheu; 
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I'm.IviIhIiu <»f AntfMi\ I mm;.; S>R 



liit>i\'(l A lia*» 'H-t.-:i h:ed h'tmt i ( io» ol irihreds A and 
h> With I li. ' s \\ (.'t.H ijiic .tutl LV\ . » .u ! l i. i L t 1 1 1 : . i ! b.ieki tij»t_s o[ 

the p.LT r f >ml1 mb:ed A. A Malecot coeffu dent of teLuion- 

Mi-;; i .i ! ( ) 1 ! t ; 1 .' lL po:o\i UlUl a re kit h m d 1 . i p 

r.\rril i:ibivrl-. A . l ; l : L A" where f..^!r ad d : tin back- 
cnnK'S of ;^_.-^-:U^i. mht ed A :oll».:w die in; tad e:o — ul 



lt\eU oi error; d'.ible S). L of daM from loei 
pnnidtd ^icilr: it /mlU.i u v .;t i : " L at if 1 1 1 : ; -i i.i! Ic'-eN o! 
en or. However, iln '..* of data ftom '95 Iw.i wa> un.ihle to 

p--. i\ t.tc i'l.m!ic:u. '. .iv^.ii'ot ihc l l r.*^. i ! . ( . ». -.'!.;.> ul "ad dr.'- b r 
Co:';bi ::ed ie 1 . eA r. ) Ot doth t t : i ^ 1 1 1 ^ . 1 1 « I ru :^('fv^f! 

ci,:iL-. iT.ifjlt. 3 At * A k:-.r-l or' .■.( U\ . t .si -a! po..t; l . * 



al;v ■ ' : ; : : i : P = l ' m - :<p. r - 
P = Q.-y> r:ust> :hc pi :.h.ihil::\ of ancesti- fur the parentis 
whi'e diminishing the prabahilides for the third a:ic 
low?- ''.'i: , >in^ :::i:idi'ii[t: it. bred in,c:, r _.Ar • j T l:i e al^o- 
ri:hm a: P 0 r : .> .nercbed both r;ie percentage of 
:r- bdds w-h oo r h pa:er.;. : ranker, in rhe hi'-.: two ;. • ^ 
n S9 to do • c • in;! p-:Oe:i:_^e of parental 
.jli 1 ■■- re r;-.:d".-d and •••• . i.d from At 
u,-i~e). 1 w... 'V-bruS ; -"' ' 4 and \ • ' . did ii'..-. 
both pa: r^:ir~"-- 1 1 1 L - 1 and sr:->r.d uhrrr: die algi> 

ritVt:r. V.ir. .1: P - O.'J'J. F.^i L-'_. ti. t./T '.lir^r h;. b ."m! - 

the nonparcntal mbred f.hiit outranked the true paretic 

ir':;'f -::ur; b"- p " r " • ^ fr;.;-; r :': .c. :\;rr:U 

ih^t hur.L been ci'i_u:cd b\ ^utlicio:".;.^ i"o«ir bacUci oi--e> 
of tluvt purer-;:; the Miilc-oot coefhcictit of rcd-Ltiou^hip 
be^'ecr. tiie p*ire:i; of the hybrid un<.! t}ie inbred :hat 
outranked diAt pr.i cnt for tbcie t>o hybrids wi^ 0. 1 J6j6. 

Robu^tae.^ was tc-sjed b% evatu^nn? :he effect oi' lis- 
in<T daui from ciuFcrcm numbers cfloci and bv siiy.-.ilac- 
iri;T additions.! levels of rnissir.g ar*;d rnjisCLired data up 
to combined levels of 25^ error beyond that which was 
provided bv the laboratory From our experience, error 
rates of 5 ;o 10^ can occur in Si>R prof; ling of rn. ; ii7^ 
d^ie chicftv to die combined effects ot residual heterOTy- 
vo-^ic." amonLc >eed T .ocs and bv dene ieticies in the scoring 
of he;e: oc^^oces in hybrids. The additional levels oi 
Simulated error, therefore, include values (up to "-35^; 
total error) that arc '.veil oe.t\>ide of our experience. For 
five hybrids (hat *>vere examined. incre;"i5iog the number 
of loci from 50 r,o 100 (with no additional missing or 
rni^scorcd data't did redder the number of instnnces 
where uib:eds chat were not pur^nr_> of n hybrid O'^t- 
ranked Che tru^ parent from four to one Nonetheless, 
all of these more highly ranged inbreds, alihougb they 
were not themselves the true parents of the respective 
hybrid, were either direct progeny or full sisters of :he 
true parem (Table ; J). Coniequendy. if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that arc identified 05 parents of hvbrids, then S5R daia 
from 50 loci of equivalent discrimi: ration abilitv- are 
sufficient. Use of data from 50 loci also evidenced ro- 
bustness in the face of up to I0 r c additional levels of 
cither missing or misscored data: no degradation in the 
abilirv to irieutil\ a parcn; wa* apparent up ;y the level of 
lO^o additional error except for K )C l adchtitMiai mi^iiig 
and mis^cored alle!c< tV>r «mic hvbnd t:V'*J3: Timie 3). 
However, use of 1 00 \.>ci increased :be pt (.-pnrtioi^ of 
true parents that wri'e c<M'recth ideniified from 
(fin :">(l lt»cn to 7 j < iipcan C/rie*. I p.i:e: , .t> hm.t all 



p,\e bi'ids. Le^trli Oi [in.^ iii:^ r;i c^ilSS J'. i : ~\ data ^h.'.>ii.i'h 

therefore, be kept belov. Lo-'^'J-Ti ( a-iummp; a le v 'e! of 

3 - h " ~ error I o ihs data '^"t analysed p" : «.-r to sirrulav-n^ 
ad;.. ..',nai errc-r ■ . 

V. - hr.ve c\ i • i .dv r\,i:::i: n; : hr- j"h ; i- - >a- 
l.)i r-d^ dia ai e i .: nked l: ; r . 'fi- 1 1 r ^ : p.- -id or. 5 '-"oo 



the 



w:to re spec* m: 



:he:v rankir. 



ijni', fjl the ttuc p. ii'c; : i , bur .d.-n.. o: :i L r. ot tno 

true patonb a;id U;o full >iite;^ of the t: uc pa; u;it-= hi 
these circumstances ;he granclp^renLs of the hybi ids are 
ranked prei.loii'.ie.ar'i ;U inro top posiuons L sing P ~ 
0.50. "A ;^randoare:H rai'keri into nrst position for 76% 



hvbrid> and it: to second position for 5/ 



hvbi id^., w:th 

P = 0 W a gi ^r-dpirent ranged Into fi rr; r plate in 56'o 
of hybrids. A? P - 0 50 rv.o grandparent ranked into 
first and second positions for 43 L " h\bncs and into 'Jnc 
fir5t three po:- it. ion 5 for an additional tiyb rids. Mo^ 
of ihe remai: >n£ inhreds :hat ranked into T .he top r^"0 
positions were progeny of the grandparent. A total ot 
108 'jraiidparen ti ranked into the top Eye positions 
when F - O.oO; *Tinkc-d into :hese posicjoos ^'hen P - 
0.99. Se'-'enn.-^ne grandparents milked into the top two 
positions when P — 0.50; 55 grandparent* ranked into 
these position* whe:i P ~* 0.99. The mean probabhicv 
of a grandparent in the top n--'o positior;.-; wai Q.958S 
(50 when P - 0.50 and 0.Q9S0 (SD 0.0104) 

w-hcTi P = 0.99. Otir al-^onthm was written to idenury 
pairs of ancestors; alternative algorithms could be tai- 
lored to identify- all grandparent once parents had been 
identified and removed from the list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be tucd to sho'-* probability of 
parentage in circumstances where the Jmcrx pedigree 
ideuticv of neither parent is known. Esc! usi oris are taken 
into accoun.t thereby allowing parcuUVs- 10 ^ sn,,wn 
even when ihe two parents are not represented :n the 
database of molecular profiles that are examined. Hc:- 
ero/y^ons candidate parent can be accon^ncKiated. 
The number ofloc: that is necessary to provide a reliable 
basis of determinin_r pedigree i-^ dependent upor\ f .hf 
debtee of relacerlness amim.i; parents ,md uonpaien:s 



and u[. 



i the discrmiiULitot^ abiiits -d die rn.u ^e; <\^ie:Ti 
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\\\ the spears of" inlrr f>t. L * ^ 1 ( I i_C /' - a> m p<U L'(! Co 

p - \ ) ~>u p; l-I'l i i. ill'. a'!;, i : ti I il d u a >i l- I; ul palLtU;> and 
^vith a ^rtw.Le: clittc: :t:icc or" pn;babih;\ to third placed 
nu-i p.tiv If U'c: 1 - ii. rca-arrkV-c a^; ( - th.u *!>t.« 

p.a'ct • l> -i:>_- a: n n;^ r '.ht. ca ivl i d .u<_ ItM of :n h: -^cL. then 
A J — '-'V ":i t j ll I r.l h: u^-'t, it a cut' r oh L i.->ti !:> re- 



Can/ k .(ikM- 1'inn.i.K. 1'/^ .\iviM M ihL* it ">( nidnidin'- !«■ ;>M|jn 

I.. ii. .-■.<• Kin^ li.i '.'Ml' llht s J. \hi'i: l\tvf \ I H I 113 * 
i \ \ P K... k. Ik'. P Sr. ■.!•[.. rr-, i; R. K: .---v^ 

I 7 DNa .ifKiK k- n dkp'.iltrd p.u -tif.rM- I h tr i ■ t f. L 1 1' ' ' t r : ' (, c " 



q.-i 



-.1 'VfK. I-m ■ i|; )i'r ..luiii L i C .. I , i .p i i . . o - In. 

t-|;M^;k,j L..:n:l » >. . J K ' I ' ' *- ~ L ' 'O r : - ' - : > < ' ■ : ' > : ^ - 



.l.-l 



lion of pedk^r^es among in dividual* of plar.c or animki 
spc-cif?^ where ^nolcc Li!ar profile dacr.iCLi exist th.u civ- 

br i:'^:p;::[c^.: .:: .i- of ><: ^;"c qr.;i .i^ all a: i ndiVd- 
•j.;- J iri3fk._T Lo;k An-;! a-, a: preside a ?L;Ffi^:-jnt po-e:' c-t 
;i . Uh^i to Tp-^.ra'c l,;:^ •.-,... 

Ot" i^iK^Di- n : O I r C '.J I i prckV^r- da- a ar;; .ii r :• .ivakuk.': 

our iciim i? w1v,^1il th <r p iu te c r. o t m c-: lice Pad 

prr>- ilia'. oh raided :>r plan; v.:: :c or up..:"; 
specific dams or sires of an im;;b through the dc:f:rTr,;n.i- 

Uq:i ,f a'_d;-r-,. 
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